Chloroplast suspensions from spinach (Spinacia oleracea L.) were clearly resolved into intact and stripped chloroplasts by isopycnic centrifugation in density gradients of silica sol ("Ludox") and polyethlene glycol. The intact chloroplasts fixed C02 and evolved 02 more rapidly than the crude suspensions; the stripped chloroplasts were inactive. During the photosynthetic fixation of 14CO2 in the intact chloroplasts recovered from the gradient, the "4C label was observed to spread through the photosynthetic intermediate pools, as well as into starch, which indicates that the purified chloroplasts are metabolically competent. This appears to be the first report of the retention of photosynthetic activity following the purification of chloroplasts in density gradients.
Most biochemical studies on chloroplasts and essentially all concerned with the carbon reduction cycle have been performed on particles purified by differential centrifugation (3, 6, 14) . It is generally recognized that density gradient centrifugation yields chloroplasts of greater purity (1 1), but heretofore it has not been possible to recover from gradients chloroplasts which retain significant photosynthetic capacity.
The critical factor almost certainly lies in the choice of the gradient material. Sucrose and sorbitol have too high osmotic potentials; Ficoll is suitable for Eutglena chloroplasts (13) , but its solutions are extremely viscous and may be insufficiently dense for chloroplasts from higher plants. Silica sols appear more promising (5, 7. 10), but are normally toxic. We now find that a commercial silica sol. Ludox AM, is compatible with spinach chloroplasts when combined with certain organic polymers. especially PEG4 (8, 9) . ' 6 .000 rpm and to rest in the shortest possible time (2) . The pellets of crude chloroplasts were resuspended by repeated aspiration in a pipet in 1 ml each of G-R medium, pooled, and assayed immediately for 02 evolution or CO2 fixation. The preparation required no more than 6 min from the moment the blender was started (4). Isopycnic Centrifugation. A 1.8-ml aliquot of crude chloroplast suspension was layered on top of a 10 to 80% v/v Ludox gradient and centrifuged in an SB-I 10 (IEC) swinging bucket rotor for about 4.8 X 10S rad2 sec', corresponding to 7,000 rpm at 15 min-the maximum centrifugal field was 8,200g . After separation, the bands containing the intact and stripped chloroplasts were collected (roughly 5 ml each), diluted to 40 ml with G-R medium and centrifuged as described under "Crude Chloroplasts." The pellets were resuspended in 0.5 ml of G-R medium.
All components used in the preparation and separation of chloroplasts were kept in ice.
Preparation of Gradients. Ludox AM was purchased from E. I. du Pont de Nemours and Co. (Industrial and Biochemicals Department, Wilmington, Del. 19898) as a sol with 40% (w/v) SiO. and purified by the following procedure: the pH of the sol was adjusted to 6.8 by slow addition of the hydrogen form of a cation exchange resin (Biorad AG 50W-X8, 100-200 mesh); after the resin was removed by filtration through Miracloth 25 g/l of activated carbon (Darco Corp.) were added and the mixture was stirred or shaken overnight. The carbon was then removed by successive filtrations through Miracloth. a wet bed of diatomaceous earth (Sigma grade 1), prepared on top of a glass fiber filter (Gelman type E) fitted in a coarse glass fritt, and finally through a paper filter ( (15) which contains n-butyl alcohol/n-propyl alcohol/acetone/30% (w/v)-trichloroacetic acid/80% (w/v) formic acid (40:20:25:15:25 v/v), and 0.3 g of EDTA per 100 ml. After solvent development, the chromatograms were allowed to dry at 20 C, and the dried chromatograms were sprayed with 1 M NaHCO, to convert glycolic acid to the less volatile salt form.
Kodak No-Screen x-ray fi:m was exposed to the dried chromatograms in order to identify the "C-labeled products.
Product identification was confirmed by co-chromatography using both "C-labeled and unlabeled, known standard intermediates. Unlabeled phosphate esters of three-carbon acids and five-and six-carbon sugars were positioned on chromatograms employing the methods outlined by Smith (12) . Radioactivity in the labeled products which had been separated by paper chromatography was quantitated by excising the "C-labeled areas from the chromatograms, placing the excised areas in scintillation vials with 10 Initact Clhloroplasts Separated onz Ludox Density Gradienits The assay medium for 14CO2 fixation was identical to that described for those studies shown in Fig. 1 ; 5.1 ,umoles of NaHCO2 (1.66 ,uc) and 41.9 ,ug of Chl were employed in a reaction mixture of 1 ml final volume. The samples used for paper chromatography were taken at 5, 10, and 15 min after the beginning of illumination, and "4C-labeled intermediates were determined as indicated under "Materials and Methods." Fructose-] ,6-diP 2.6 2.8 7.6
Ribulose-1,5-diP 0.4 1.0 2.7
Glucose-1-P, glucose-6-P, and (Fig. 1B) at enhanced rates. This observation is in contrast to the findings of Heber and Santarius (5) , who observed low rates of 02 evolution and no CO2 fixation after banding spinach chloroplasts in Ludox gradients.
All the data presented in Figure 1 were obtained with the (Table I ) the "4C-labeled products of photosynthesis by intact chloroplast recovered from Ludox gradients were determined as a function of time. After 5 min of light-dependent "4CO2 assimilation, 14C is found principally in pools of glycerate-3-P and polyglucan or starch. Subsequently, the label shifted away from glycerate-3-P and spread into other compounds such as triose-P and fructose-I ,6-diP; the label accumulation in polyglucan continued to increase. These 14C product distribution patterns are similar to those observed previously during photosynthetic "4CO2 assimilation in "crude" chloroplast preparations (3). Our results indicate that intact chloroplasts from the Ludox gradient are metabolically competent; i.e., they possess an active system of enzymes of the Calvin-Benson cycle as well as an active starch synthesis system.
The method presented permits the recovery of photosyn-E, ROBINSON, AND GIBBS Plant Physiol. Vol. 54, 1974 thetically active chloroplasts following isopycnic sedimentation and permits for the first time a full range of biochemical investigations on preparations of chloroplasts of greatly improved purity.
